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(71} We, The Dunlop Company Li- 
mited, a British Company of Dunlop House, 
Ryder Street, St. James's, London S.WjI, (for- 
merly of 1 Albany Street, London N.W.I) do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement: — 

This invention relates to diaphragm- type 
pumps, that is, to pumps of the kind in which 
a flexible diaphragm formed from rubber or 
plastics material is employed as a deformable 
member constituting one wall of a compression 
chamber, the diaphragm being deformable to 
compress fluid in the chamber. 

One disadvantage of employing a rubber 
diaphragm in a pump which is used as an air 
compressor is that the adiabatic rise in tem- 
perature which occurs when air is compressed 
may damage the diaphragm, and in practice 
diaphragm- type compressors have to be 
restricted to relatively low output rates in 
order to avoid the generation of excessive heat. 

One object of the present invention is to 
provide a diaphragm-type pump which is ca- 
pable of working at a relatively high output 
rate. 

According to the invention, a diaphragm- 
type pump comprises a flexible diaphragm 
forming one wall of a compression chamber 
and comprising two spaced skins arranged to 
contain cooling fluid in the space therebetween, 
the space between the skins communicating 
with a cooling chamber. 

•A preferred form of the diaphragm-type 
pump according to the invention is an air 
compressor in which the space between the 
skins can be filled with water, the arrangement 
being such that the water is forced out from 
rhc d iaphra em by compressive forces acting 
thereon during the compression stroke of the 
compressor and returns into the diaphragm 
during the induction stroke of the compressor. 

One embodiment of the invention will now 
be described, by way of example with refer- 
ence to the accompanying drawings ; n 
which : — 

[Price 5s. Od. (25 p)] 



Figure 1 shows a cross-section through a 
pump comprising a flexible diaphragm accord- 50 
ing to the invention, taken on the axis of the 
pump cylinder, showing the diaphragm at the . 
limit of its travel at the end of a compression * 
stroke of the pump; 

Figure 2 shows a cross-section through the 55 
pump shown in Figure '1 and taken on the 
same line but showing the diaphragm in a po- 
sition between the limits of its stroke; 

Figure 3 shows a plan view of a rubber 
spacing ring and its associated leaf springs 60 
which is shown in section in Figures 1 and 
2; and 

Figure 4 shows an enlarged view of a cross- 
section rhrotigh the spacing ring of Figure 3 
taken on the line IV — IV. " 65 

An air compressor 1 comprises a cylindrical 
housing 2 in which a compression chamber 3 
is formed, one end of the compression chamber 
having conventional inlet and outlet valves 4 
and 5 respectively, and the other end being 70 
•formed by a flexible diaphragm 6 clamped be- 
tween a pair of diaphragm support plates 7 
which are secured to one end of a connecting 
rod 8. The other end of rhc connecting rod 
is carried on a crankshaft 9 which is rotated 75 
to produce reciprocating motion of the con- 
necting rod in the axial direction of the hous- 
ing 2. 

The diaphragm 6 comprises a first thin rub- 
ber skin .10, ad jacent rhe compression chamber 80 
3, which is secured to a second thicker skin 
ill spaced from the first skin by means of an 
annular rib 12 coaxial with the compression 
chamber and having a radius equal to 
half that of the compression chamber, 85 
A space is formed between the two 
skins and communicates through open- 
ings 13 in the annular rib with the outer 
peripheral region of the diaphragm. The rib 

12 defines a periphery of a central region of 90 
the space benveen the skins and the openings 

13 allow cooling fluid to flow into and out 
of the said central region. 

The outer peripheral edge region of the dia- 
nhracr.n 6 comprises a rubber spacing ring 14 95 
interposed between the first and second skins 
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10 and 11 respectively, and clamped between 
two clamping members in the form of a pair 
of castings 15, 16 which constitute respectively 
the cylinder and part of the cylinder head of 

5 the compressor. The mating faces of the cast- 
ings are recessed to provide an annular cooling 
chamber 17 surrounding the compression 
chamber 3 and the radially outer surfaces of 
the castings are ribbed in the region 18 on 

10 an external surface of the cooling chamber to 
promote heat dissipation therefrom. 

The surfaces of the cylinder 15, the cylinder 
head .16, and the diaphragm support plates 7 
engageable with or engaging the diaphragm 6 

15 are provided, in the region of the outer peri- 
pheral edge of the diaphragm, with rubber ele- 
ments 26 bonded to the surfaces to reduce 
stress concentration in the diaphragm where 
it is clamped and provide a more gradual 

20 change in strain between the fixed and moving 
parts of the diaphragm at the limits of its 
stroke. 

The rubber spacing ring 14 which separates 
the first and second skins 10 and I'l respective- 
25 |y of the diaphragm 6 at its outer edge is pro- 
vided with a pair of diametrically opposite 
apertures in the form of slots il9, 20 which 
permit communication between the annular 
coolins chamber 17 and the space between the 

30 

two skins of the diaphragm. 

The slots 19, 20 are each provided with a 
non -return flap valve in the form of a thin 
arcuare metal leaf spring 21, 22 respectively, 
extending across the slot. Trie springs 21, 22 
35 are bent to a suitable shape so that they can 
each be located in a drcumferenrially-extend- 
ing recess 23 formed in the body of the spacing 
, ring and extending across the associated slot. 

The springs are anchored in one end Of the 
^ recess 23 at their ends 24 and their free ends 
25 extend across their respective slots 19, 20 
a."-.; are freely located in the other end of the 
recess 23 for movement in a generally radial 
direction with respect to the spacing ring 14 
45 to seal off and re-open the slots. In order that 
one spring 21 will act as a coolant inlet valve 
and the other 22 as a coolant exhaust valve 
the springs 21, 22 are bent so that their free 
ends tend to lie, respectively, one against the 
50 radially outer side and the other against the 
radially inner side of its corresponding recess. 
The space within the diaphragm 6 and most 
of the space within the cooling chamber 17 
is filled with water which is arranged to circu- 
55 late through the diaphragm in the following 
manner: — 

In operation, rotation of the crankshaft 9 
causes an axial deflection and tilting of the 
central portion of the diaphragm 6 (see Figure 
60 2), which is rigidly secured to the connecting 
rod 8 by its support plates 7. the vokrnie of 
the compression chamber 3 being successively 
increased and decreased to provide the normal 
induction and pressure strokes of the compres- 
65 sor 1. On the compression stroke, as the pres- 



sure rises in the compression chamber the cen- 
tral portion of the diaphragm is squeezed and 
water is forced through the slot 20 associated 
with the spring 22 which acts as an exhaust 
valve, into the annular cooling chamber 17. 70 
On the induction stroke the reduced pressure 
in the compression chamber allows the dia- 
phragm to return to its normal state, thus in- 
creasing the volume available within the dia- 
phragm and drawing water back from the an- 75 
nular chamber, through the slot 19 which con- 
stitutes an inlet valve into the space within 
the diaphragm. 

Each stroke of the pump thus causes a 
movement of water into or out of the dia- 80 
phragm, providing a continuous exchange of 
cooling fluid which enables the first skin of 
the diaphragm to be cooled and the heat in 
the cooling water to be dissipated through the 
annular chamber and cooling fins. The amount 85 
of movement of the coolant in the arrangement 
described above is proportional to the rise in 
pressure and temperature within the compres- 
sion chamber in each stroke, higher pressures 
causing a greater displacement of water from 90 
the diaphragm. 

One advantage of the construction described 
above is that the pump is able to work at a 
higher rate than normal diaphragm-type 
pumps. 95 

In alternative arrangements the annular 
spacing member may be provided with tangen- 
tial ly directed inlet and outlet slots which 
would have the effect of causing a continuous 
rotation of the body of the water contained 100 
in the annular cooling chamber and in :he di? 
phragm itself, thus improving the efT\ % ncy c; 
the cooling system. 

WR\T WE CLAIM IS : — 

1. A diaphragm-type pump comprising a 105 
flexible diaphragm forming one wall of a 
compression chamber and comprising two 
spaced skins arranged to contain cooling fluid 

in the space therebetween, the space between 

the skins communicating with a cooling 110 

chamber. 

2. A diaphragm-type pump according to 
claim 1 wherein the cooling chamber is provid- 
ed with apertures in communication with the 
space between the skins through the periphery 115 
of the skins, the arrangement bein? such that 
cooling fluid flows between the cooling 
chamber and the space between the skins in 
operation of the pump. 

3. A diaphragm-type pump according to 120 
claim 1 or claim 2 wherein the skins are spaced 
from one another by means of an annular rib 
defining a periphery of a central region of the 
space between the skins, the rib having onen- 

ings formed therein so that the cooling fluid 125 
flows into and out of the said centra! region 
in operation of the pump. 

4. A diaphragm -tvpe pump according to any 
of rhc preceding claims wherein one of the 
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cwo spaced skins is thinner than the other skin 
and is secured thereto. 

5. A diaphragm-type pump according to any 
of the preceding claims wherein the skins are 

5 of rubber. 

6. A diaphragm-type pump according to any 
of the preceding claims wherein external ribs 
are provided on the cooling chamber to pro- 
mote heat dissipation therefrom. 

10 7. A diaphragm-type pump according to any 
of the preceding claims wherein a resilient 
spacing ring i> interposed between the two 
skins of the diaphragm at the outer peripheral 
edge thereof and the spacing ring with the two 

15 skins one on each side is clamped to the 
compression chamber, the spacing ring having 
apertures formed therein to permit passage of 
the cooling fluid therethrough. 

8. A diaphragm-type pump according to any 
20 of the preceding claims wherein the inner skin 

of the'diaphragm with respect to the compres- 
sion chamber is thinner than the outer skin 
of the diaphragm. 

9. A diaphragm- type pump according to 
25 claim 7 or claim S wherein the apertures 

formed in the spacing ring communicate with 
the cooling chamber. " 

■10. A diaphragm-type pump according to 
any of claims 7 to 9 wherein the cooling 

30 chamber is in the form of an annulus sur- 
rounding the compression chamber. 
Ml. A diaphragm-type pump according to 
claim ! 10 wherein the apertures formed in the 
spacing ring extend in generally tangential 

35 directions to promote circulation of the fluid 
in the cooling chamber. 

12. A diaphragm -type pump according to 
any of claims 7 to 11 wherein the apertures 
formed in the spacing ring have associated 

40 therewith non-re rurn valves, at least one valve 
being arranged to act as a coolant inlet valve 



and at least one other valve as a^eoolant ex- 
haust valve. 

J 13. A diaphragm- type pump "according to 
claim 12 wherein at least one of the non-rerurn 45 
valves is a flap valve comprising a thin leaf 
spring extending across the respective aperture 
formed in the spacing ring, one end of the 
spring being anchored on one side of the aper- 
ture and the other end of the spring being 50 
free to move in a generally radial direction 
with respect to the spacing ring to seal off 
and re-open the aperture formed therein. 

•14. A diaphragm-type pump according to 
any of the preceding claims wherein the dia- 55 
phragm is clamped at its outer peripheral edge 
to the compression chamber between two 
clamping members, at least one of the clamp- 
ing members having a rubber element engage- 
able with the diaphragm to reduce stress con- €0 
centration therein. 

15. A diaphragm-type pump according to. . 
anv of the preceding claims wherein means for 
deforming the diauhragm to operate the pump 
comprises a diaphragm support plate having 65 
a rubber element engaging the diaphragm to 
reduce stress concentration therein. 

: 16. A diaphragm-type pump according to 
any of the preceding claims arranged as an 
air compressor in which the space between the 70 
skins can be filled with water, the arrangement 
being such that the water is forced out from 
the di^ohrarrm bv compressive forces acting 
thereon during the compression stroke of the 
compressor and returns into the diaphragm 75 
during the induction stroke of the compressor. 

il7. A diaphragm -rypc pump constructed 
and arranged substantially as described herein 
and illustrated in the accompanying drawings. 

R. I. G. McKAY, 
Agent for the Applicants. 
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